Summary Ca2+-pump of sarcoplasmic reticulum was partially purified and solubilized with Triton-X 100 in the presence of excess phospholipids. Vesicles were reconstituted by removal of Triton with Amberlite XAD-2 and the subsequent freeze-thaw f sonication method (Kasahara, M. and Hinkle, P. C. (1977) J. Biol. Chem., 252: 73847390). In the reconstituted system, H + was ejected during Ca2 + uptake and in the initial Ca2 + uptake, the molar ratio of ejected H + to Ca2 + was found to be about 1 in the presence of a permeant anion, SCN -.
T. UENO and T. SEKINE SR vesicles (30 mg protein) isolated from rabbit backs and hind leg muscles were suspended in the medium (4 ml) containing 10 mM Pipes/Na (pH 6.8), 1 mM MgS04, O.6 M KCI, 10% glycerol, 1 mM dithiothreitol, 0.75 mg/ml Triton X-100, and centrifuged at 225, 000 x g for 1 h at 4°C. With this procedure, most of the extrinsic proteins including calsequestrin and the high affinity Cat + binding protein were removed in the supernatant.
The 225,000 x g pellets were suspended in 10 mM Pipes/Na (pH 6.8), 1 mM MgS04, 0.15 M KC1, 1O° glycerol, at a protein concentration of 10 mg/ml and solubilized in 3 volumes of a solution containing 10 mM Pipes/Na (pH 6.8), 1 mM MgS04, O.15 M KC1,10% glycerol, 20 mg/ml soy bean phospholipids, 5% Triton X-100. After incubation for 10 min at 0°C, the mixture was centrifuged at 100,000 x g for 40 min. Vesicles were reconstituted from the supernatant (Triton-extract) by adsorption of Triton to Amberlite XAD-2. Namely, 8 g of Amberlite XAD-2 was added to the Triton-extract and stirred for 4 h at 20°C. After removal of Amberlite by low-speed centrifugation, the vesicle suspension was centrifuged at 225,000 x g for 1 h at 4°C. The pellets were suspended in 10 mM Pipes/Na (pH 6.8), 1 mM Mg504, 0.15 M KCI, and frozen immediately in a dry-ice/acetone bath. Finally, the frozen vesicles were thawed at room temperature for 10 min and sonicated for 2 min at 4°C in a bath-type sonicator (Bransonic, type 220).
The ATPase content in the reconstituted vesicles was more than 90% as judged by dodecylsulfate polyacrylamide gel electrophoresis. The mean diameter of the vesicles determined under Cat+-uptake conditions by a Coulter Sub-micron Particle Analyzer (model N4) was 150± 54.9 nm S.D. which was almost equal to that of native SR vesicles (166+ 54.9 nm S.D.). Table 1 summarizes properties of Ca2 + -uptake by the reconstituted Cat + pump. The amounts of Cat + -uptake at 30s and 6 min (control values) showed that the reconstituted vesicles take up as much Cat + as do native vesicles (MADEIRA, 1978; CHIESI and INESI, 1980) . The uptake was completely inhibited by Cat + ionophore A23187, showing that a high Cat + gradient is formed as a result of active Cat + transport. However, in the effects of other ionophores and anions, the reconstituted Cat + pump showed some responses quite distinct from those of native SR (MARTONOSI and FERETOS, 1964; KASAI and KOMETANI, 1981) . In the presence of valinomycin, carbonyl cyanide p-trifluoromethoxyphenylhydrazone (FCCP), or SCN the amount of Cat + uptake was increased by 30 to 60%. This stimulation can be due to dissipation of membrane potential generated by the electrogenic Cat +-pump (ZIMNIAK and RACKER, 1978) , by these ionophores and membrane permeant SCN-. On the other hand, oxalate and phosphate which enhance Ca2+ uptake remarkably as Ca2 + -precipitating anions in native SR vesicles, exerted little effect on Ca2 + uptake into the reconstituted vesicles. These results are consistent with the previous observations on the reconstituted Ca2 + -pump (KNOWLES and RACKER, 1975; ZIMNIAK and RACKER, 1978) and indicate that the reconstituted SR membrane is much less permeable to anions and monovalent cations than native ones.
Another intriguing aspect of Cat + uptake by the reconstituted Cat + -pump is that nigericin enhanced Ca2 + uptake significantly. Since nigericin operates as an electroneutral K + -H + exchanger (PRESSMAN, 1976) , this effect might be interpreted in terms of dissipation of the pH gradient generated by Ca2 + uptake. This is the case shown in the pH measurements (Fig. 1A) . A rapid H + liberation occurred after the addition of ATP and leveled off gradually. The amount of liberated H + markedly decreased in the presence of nigericin or ionophore A23187, and the addition of nigericin or valinomycin plus FCCP after adding ATP to the vesicles caused a rapid reentry of released H + . These results clearly showed that H + liberated during Ca2 + uptake from intact vesicles was comprised of scalar H + derived from ATP hydrolysis and vectorial H + ejected from the inside to the outside of the membrane, forming a pH gradient. The amount of H + efflux (vectorial H + ) was able to be calculated from the difference in the amounts of released H + in the presence and absence of nigericin. Figure 1 B shows H + efflux and Ca2 + uptake determined under the same conditions. H + was ejected almost in parallel with Ca2 + uptake and the ratio between ejected H + and Ca2 + was found to be constant (1.5) within 1 min of the reaction. The same experiment was also performed in the medium containing 20 mM KSCN. In this case, anion-permeation was selectively enhanced by lipophilic SCN-, and the membrane potential (inside positive) generated by the Ca2 + pump was expected to collapse because of SCN Hence, the experimental conditions Vol. 36, No. 1, 1986 Profile of Cat + uptake by a reconstituted Cat + pump. Fig. 1 . H + efflux and Cat + uptake by a reconstituted Cat + pump. A: pH changes of the medium (total volume, 3 ml) containing 1 mM Pipes/Na (pH 6.8), 5 mM MgSO4, 0.2 mM CaSO4, 0.15M KCI, 0.13 mg protein/ml reconstituted Cat + pump, was measured at 20°C by a Beckman Expandomatic pH meter (model SS-2). The pH meter was connected to a chart recorder (Toa Electronics, Ltd., model EPR-100A) and the pH was recorded at an amplification of 0.2 pH unit/full scale. After incubation for 5 min, the reaction was started by adding . Additions: nigericin (N) at 0.4 µM or valinomycin + FCCP (V + F) at 0.4 /AM. The dotted line represents the pH changes by the vesicles in the presence of nigericin or A23187. B: H + efflux and Cat + uptake were measured in the medium as described in A. H+ efflux determined from the difference in the amounts of released H+ in the presence and absence of nigericin was plotted. For determination of Cat + uptake, CaSO4 was replaced by 45CaSO4. C: H + efflux and Cat + uptake determined in the medium containing SCN-. For this experiment, 0.15 M KC1 was replaced by 0.13 M KC1 + 20 mM KSCN throughout the reconstitution procedure. The uptake medium also contained 0.13 M KCl + 20 mM KSCN in place of 0.15 M KC1.
seemed more favorable for obtaining the actual H + /Ca2 + ratio. As shown in Fig.  1C , H + ejection took place corresponding to the initial Ca2 + uptake, although the ejected H + more rapidly penetrated into the vesicles, indicating faster dissipation of the pH gradient. A significant enhancement of Ca2 + uptake was found under these conditions. Because of this rapid dissipation of the pH gradient in the presence of SCN-, it is difficult to determine the molar ratio of ejected H+ to Ca2+, but nearly a one to one exchange of H + to Ca2 + appeared to occur in the initial 30 s of the reaction.
In the light of these results, the Ca2 + pump reconstituted by our procedure seems useful for further kinetical analysis of counter H + transport. More precise stoichiometry between H + efflux and Ca2 + uptake should be determined by rapid reaction kinetics using a more sensitive assay system (YAMAGUCHI and KANAZAWA, 1984) .
